T hat high frequency stimulation of the thalamus suppresses tremor associated with Parkinson's disease (PD) has been recognised since the early attempts to treat movement disorders by ablative procedures in the 1960s. 1 2 Deep brain stimulation (DBS), however, was not utilised as a viable alternative to ablative therapies until the early 1990s. 3 This procedure is now the preferred surgical approach in patients with PD who experience troublesome levodopa related motor complications, and in patients with severe essential tremor (ET) and other medically intractable, disabling disorders, such as dystonia, cerebellar outflow tremor, and hemiballism. When these movement disorders cannot be adequately controlled with available treatments, they may have profoundly detrimental effects on patients' health related quality of life (HRQoL), defined by the World Health Organization as ''perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns''. 4 Instruments that measure HRQoL allow clinicians to understand the burden of the disease and serve as useful tools for assessing the impact of therapeutic interventions on activities of daily living (ADL), employment, and other functions. 5 There are two types of HRQoL instruments, generic and disease specific. Generic instruments are multidimensional questionnaires that cover a wide variety of areas and can be applied to many diseases. Although these allow comparisons between diseases, 5 they lack sensitivity in areas important to patients with movement disorders. Disease specific HRQoL questionnaires are tailored to what a particular patient population feels is important; therefore, they allow more accurate information regarding the impact of a disease on the overall health burden. 5 The primary objective of this paper is to systematically and critically review the available literature on the effects of DBS on HRQoL in ET, PD, dystonia, and cerebellar outflow tremor related to multiple sclerosis (MS). For in-depth discussion on the individual HRQoL instruments discussed in this article, we direct the readers to other reviews. 6 7 
METHODS
We reviewed the literature in English from 1965 to 2005 using the following sources to identify clinical studies: Medline, Pre-medline, Sociofile,the disease. [10] [11] [12] [13] In addition to their detrimental impact on HRQoL, progressive motor impairments disrupt mobility and ADL, 14 which restricts patients' independence leading to an increased reliance on caregivers. 9 We identified 13 prospective studies that assessed HRQoL as an outcome in patients with STN-DBS. We excluded five of these as two were not available in English 15 16 and three lacked sufficient detail to be included. [17] [18] [19] Of the remaining eight articles, there were various levels of evidence; only one study provided class 1b evidence 20 and the remaining seven were categorised as class 2 [21] [22] [23] [24] [25] [26] (table 2) . In the class 1b study, 34 patients were randomised to unilateral pallidotomy or bilateral STN-DBS. 20 The Parkinson's Disease Quality of Life questionnaire (PDQL) was a secondary outcome. Both groups showed similar improvements in mean PDQL total scores at 3 months (13 v 18 (maximum score of 185) for unilateral pallidotomy and STN-DBS, respectively). Although the STN-DBS treated patients failed to show statistically significant improvement in HRQoL over unilateral pallidotomy, there was a trend towards significance (p = 0.15). This was felt to be due to the lack of statistical power. Individual PDQL subscores were not mentioned. Additionally, the STN-DBS group was favoured in off Unified Parkinson's Disease Rating Scale (UPDRS) score and on dyskinesias.
In a class 2 study, using a generic HRQoL instrument, 16 consecutive patients were treated with bilateral STN-DBS. 25 The Sickness Impact Profile (SIP) total score showed a 58% (p,0.05) improvement at 6 months. 25 Furthermore, there were 67% (p,0.05) and 51% (p = NS) improvements in physical and psychosocial dimensions, respectively. Items most improved assessed body care and movement, sleep and rest, ambulation, social interaction, and recreation and pastimes. Another class 2 study, which utilised the PDQL to assess 60 consecutive patients treated with bilateral STN-DBS, showed a 43% (p,0.001) improvement in total PDQL score at 12 months. 22 Furthermore, all dimensions of the PDQL improved: social function (63%; p,0.001), PD related symptoms (48%; p,0.001), systemic symptoms (34%; p,0.001), and emotional functioning (29%; p,0.001). There was a significant improvement in depression after surgery.
A total of 84 patients in five class 2 studies with STN-DBS were evaluated with the Parkinson's Disease Questionnaire 39 (PDQ-39) instrument 21 23 24 26 27 (tables 2 and 3). Compared with preoperative scores, improvements of up to 62% were reported in the PDQ-39 Summary Index (PDQ-39SI). 21 23 24 26 27 Mobility, ADL, stigma, emotional wellbeing, and bodily discomfort showed consistently greater improvements, whereas social support, cognition, and communication were less improved. Tröster et al found the improvements in PDQ-39SI correlated with improvements in depression rather than in motor function. 26 In contrast, others have found improvements in levodopa induced motor complications and UPDRS scores correlated with improvements in the PDQ-39SI whereas depression and anxiety did not. 23 27 In a class 3 study, 39 patients with PD were treated with unilateral pallidotomy (n = 23), unilateral GPi-DBS (n = 9), or unilateral Vim-DBS (n = 7; see below). 28 The surgical option was selected based on the patient's symptoms (that is, tremor dominant PD was treated with Vim-DBS). In the unilateral GPi-DBS treated group, the mean SIP total score (improved from 21.6 to 10.9; p = 0.021) and SIP physical impairment score (improved from 23.3 to 9.4; p = 0.008) showed significant improvements, while the SIP psychosocial impairment score showed only a trend towards improvement (from 21.2 to 12.4; p = 0.086). In addition, depression and anxiety as measured by Beck's Anxiety Index (BAI) (from 18.2 to 11.9; p = 0.007) and the Beck Depression Index (BDI) (from 9.9 to 7.0; p = 0.067) also improved, although the latter did not reach statistical significance.
Two studies have assessed the effects of Vim-DBS on the HRQoL in patients with PD (table 2). In a class 3 study, six of 11 patients with unilateral Vim-DBS were assessed at 1 year with the PDQ-39. 29 At follow up, only mean ADL (improved from 52 to 28.67; p,0.05) and emotional wellbeing (improved from 40.8 to 17.5; p,0.05) dimensions were significantly improved. In addition, anxiety and depression as measured by BAI (improved from 17.2 to 12.7; p,0.05) and the BDI (improved from 10.0 to 7.3; p,0.05) were also improved.
In a class 3 study, seven patients were treated with unilateral Vim-DBS (see above) and at 3 months there were non-significant improvements in mean SIP total score (from 14.1 to 13; p = 0.735), physical dysfunction (from 10.8 to 9.1; p = 0.735), and psychosocial dysfunction (from 13.8 to 12.7; p = 0.612). 28 In addition, there was no improvement in depression as measured by the BDI (from 7.7 to 10.0; p = 0.655). This was in contrast to the pallidotomy and GPi-DBS treated groups where there were improvements in the physical dysfunction dimension and total SIP score. The authors concluded that the lack of improvement in the SIP in the Vim-DBS patients was due to the fact that tremor does not affect HRQoL as much as bradykinesia or postural instability, symptoms usually not improved with Vim-DBS. Pooled analysis of the three treatment groups revealed that the level of motor dysfunction at baseline correlated with preoperative anxiety, and preoperative depression correlated with SIP psychosocial function at baseline and follow up.
Essential tremor ET is the most common form of tremor encountered in movement disorder clinics, and occurs in 0.4-3.9% of the general population. 30 In ET, the inability to eat or drink due to tremor may increase stress and embarrassment leading to social isolation which leads to worsening HRQoL. [31] [32] [33] [34] [35] Although ET is more common than PD, HRQoL studies in ET are sparse (table 4). We identified three prospective studies, but excluded one from analysis because the patients in that study were included another study already used in this analysis. 36 37 The two articles which assessed HRQoL both presented class 2 evidence. 36 38 In one of the studies, Hariz et al assessed 27 patients with ET and Vim-DBS with the ADL taxonomy scale, the Nottingham Health Profile (NHP), and a visual analogue scale. 38 At follow up, which ranged from 6 to 26 months, there were significant improvements (p,0.0001) in the Tremor Rating Scale part A (53%), B (39%), and C (54%), and 79% improvement was noted in contralateral upper extremity tremor. The ADL taxonomy scale showed significant improvements in writing, putting on make-up, shaving, combing hair, reading, eating, drinking, utensils, shopping, and cooking. The NHP showed improvements in emotional reaction (from 12. 36 At 12 month follow up, there was improvement in the SIP psychosocial subscore (from 8.59 to 6.37; p,0.05), but the SIP overall score showed no improvement, and the SIP physical subscore worsened, suggesting a lack of sensitivity of the SIP in items important to patients with tremor. Although the PMS showed improvement in tension and anxiety (p,0.05) at 3 and 12 months, this was not verified with the BAI. Regarding a disease specific questionnaire, the authors used a modified PDQ-39, where they replaced the words ''Parkinson disease'' with ''essential tremor''. At 12 months, there were improvements in ADL (from 48.55 to 27.38; p,0.05), emotional wellbeing (from 23.9 to 14.38; p,0.05), and stigma (from 35.69 to 16.28; p,0.05). Although improvements in communication were present at 3 months (from 21.03 to 10.90; p,0.05), they were no longer present at 12 months. In addition, emotional wellbeing, stigma, and ADL showed subtle declines between 3 and 12 months, but these were not significant. They authors attributed the declines to a possible honeymoon effect. A significant limitation of this study is that the PDQ-39 is not designed or validated for ET. The recently validated Quality of Life in Essential Tremor Questionnaire (QUEST) is the only disease specific questionnaire for ET and should provide valuable information regarding Vim-DBS effects on HRQoL in patients with ET. 39 In addition to improving ADL, improvements in functional disability impact HRQoL. 40 Multiple sclerosis MS can be associated with action tremor in 50-75% of patients. 41 42 Medical treatment usually does not provide adequate long term tremor suppression. 43 Brice and McLellan reported 100% improvement in tremor suppression in two patients with MS. 44 Vim-DBS has been reported to result in suppression of tremor in 88% of patients and 76% experience improvement in ADL. 45 Even though Vim-DBS is associated with tremor improvement and less social embarrassment, this is not necessarily associated with improved overall disability. [46] [47] [48] MS is associated with poor HRQoL and patients with MS are most concerned with mental health, emotional problems, and vitality, whereas clinicians are more concerned with physical problems. [49] [50] [51] [52] [53] [54] [55] In MS, non-tremor related disabilities that affect HRQoL are gait abnormalities, pain, depression, loss of ability to work or engage in hobbies, incontinence, and stigma. Tremor can further decrease HRQoL by interfering with ADL, feeding, drinking, and hygiene. 56 Although depression, fatigue, and disability level are independent predictors of HRQoL in MS, 55 the effects of Vim-DBS have not been studied. In addition, declining cognition is associated with poorer HRQoL. 57 We identified two studies assessing Vim-DBS effects on HRQoL in patients with MS. One was excluded because results were presented as combined thalamotomy and Vim-DBS. 58 There was one class 3 study assessing a general HRQoL instrument in MS. 59 In this study, 12 patients with MS were treated with Vim-DBS and followed for 12 months 59 (table 5) . At 2 months, there were significant improvements in resting tremor (58%, p = 0.02), postural tremor (57%, p,0.001), action tremor (70%, p,0.001), and overall tremor severity (63%, p,0.001) as measured by blinded videotape assessment. These improvements were maintained for 12 months. At 2 months, there were improvements in ability to feed oneself (p = 0.01) and a trend for improvement in dressing (p = 0.08), but changes in hygiene (p = 0.16) and writing (p = 0.34) were not significant, and at 1 year, the improvement in feeding was no longer significant (p = 0.17). At 12 months, there were negligible improvements in the Medical Outcomes Study 36-item Short-Form General Health Survey (SF-36) summary index and eight subscales. The authors concluded that although tremor was improved at 1 year, this did not correlate with improved HRQoL or patient satisfaction, possibly due to patient expectations or ataxia being uncovered. These results are in line with previous reports of a lack of improved disability or function in the setting of improved tremor. 47 48 This is likely due to progression of MS or lack of appropriate tremor sensitive outcome measures, or because MS tremor does not make an important independent contribution to disability.
Dystonia
Treatment with GPi-DBS has been effective in patients with primary generalised dystonia, [60] [61] [62] [63] [64] [65] [66] segmental dystonia, 67 cervical dystonia (CD), 63 68 blepharospasm-oromandibular cranial dystonia, 69 myoclonus dystonia, 70 and tardive dystonia. 71 Patients with CD have poor HRQoL, 72 73 and predictors for HRQoL include self esteem, self deprecation, retired status, and disease severity. 74 In addition, depression and anxiety worsen HRQoL. 74 Longer disease duration and educational status are associated with better HRQoL, probably due to coping strategies. 74 We identified three articles that assessed HRQoL in patients with dystonia and GPi-DBS; one was class 2, while the others were class 3 and 4 (table 5). All studies used general HRQoL questionnaires and one used a modified PD specific questionnaire. In the class 2 study, 22 consecutive patients with primary generalised dystonia who underwent bilateral GPi-DBS were assessed at 3, 6, and 12 months with the Burke-Fahn-Marsden dystonia scale (BFMD) and the SF-36. 75 There were significant improvements in mean BFMD and disability score at 12 months. The SF-36 showed significant improvements at 12 months in measures of general health (16%), physical function (21%), and vitality (10%). There were no changes in mood or cognition. In a class 3 study, four patients with generalised dystonia and one with segmental dystonia were treated with bilateral and unilateral GPi-DBS, respectively. 76 Four patients were DYT-1 negative, while one patient with generalised dystonia was DYT-1 positive. The BFMD, EuroQol 1, EuroQol 2, and PDQ-39 were assessed at 3-12 months. There was a 43% (p,0.02) improvement in BFMDS at follow up. The EuroQol 1 and EuroQol 2 improved by 56% (p,0.05) and 400% (p,0.02), respectively. Using a modified PDQ-39 (the words ''Parkinson disease'' were replaced with ''disease''), there was a 65% improvement (p,0.05) in PDQ-39SI. Dimension subscores were not available. One class 4 study, a preliminary report of two of 10 patients with CD treated with bilateral GPi-DBS, was published. 77 The first patient, a 63 year old man, had improved Toronto Western Spasmodic Torticollis Rating (TWSTR) severity (from 15 to 4), pain (from 29 to 0), and disability (from 19 to 6) scores at 1 year. The SF-36 total score improved from 82.5 to 124.4 (146 represents perfect health). The second patient, a 48 year old man, had improved TWSTR severity (from 14 to 6), pain (from 21 to 4), and disability (from 10 to 0) at 6 months. SF-36 improved from 95.5 to 125.8.
Summary and comments
Most studies have focused on DBS and HRQoL in PD. In PD, most effects on global HRQoL appear to correlate with improved motor complications, although psychological aspects such as improved depression and anxiety play a role as well. To date, there has been only one randomised controlled trial evaluating the HRQoL in patients with DBS. 20 Another drawback is that the PDQ-39 and PDQL questionnaires are not designed to address specific issues directly relevant to DBS, such as device inconspicuousness, controllability and reliability, the availability of qualified medical care, and safety and tolerability. 78 Furthermore, more studies are required to adequately assess the impact of anxiety and depression on patient derived outcomes. There is a paucity of studies assessing HRQoL in ET, MS, and dystonia. It is apparent that there is little consensus on which HRQoL tool to utilise as outcome measures. Even though ET is more common than PD, studies on the effects of DBS on HRQoL in patients with ET are lacking. Previous studies have used modified PD questionnaires which were not designed or validated for ET and have questions that are not pertinent to patients with ET. However, the recently designed QUEST, an ET specific questionnaire, should provide valuable information regarding HRQoL in ET patients. Concerning MS and dystonia, further work is needed to better delineate the effects of DBS on HRQoL in these disorders. A recently published disease specific HRQoL instrument designed and validated for ET, PD, and dystonia (QLSm-MD), combined with a DBS specific questionnaire (QLSm-DBS) and generic questionnaires in a modular format (QLSm-A and QLSm-G) should be utilised in future assessments of the impact of DBS on HRQoL. 78 Despite the limitations of the published studies, there is growing evidence that DBS has a favourable impact on HRQoL in patients with PD and other movement disorders.
